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VEHICULAR GENERATOR-MOTOR SYSTEM 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a vehicular 
generator-motor system mounted on an internal combustion 
engine in a vehicle. In particular, the present invention 
10 relates to the vehicular generator-motor system that performs 
for both starting the internal combustion engine and charging 
a battery mounted in the vehicle. 

2 . Description of the Related Art 

For simplification of equipment or devices mounted in 

15 the vehicle, recently, a synchronous rotary machine which 
operates both as a generator for charging the battery and as 
a motor for starting the internal combustion engine has been 
utilized and a various types of systems have been developed 
heretofore. Among those, there is an approach of using magnetic 

20 fields consisting of field windings and permanent magnets to 
restrain a leakage flux from a claw-shaped magnetic pole, 
thereby increasing an output power. 

The Japanese patent publication No . JP-A-11- 13 6913 
discloses a rotor of claw-shaped pole type comprising a rotor 

25 coil (field winding) generating magnetic flux, and a pair of 
pole cores forming so as to surround the rotor coil and having 
a plurality of claw-shaped pole pieces alternately meshed to 
each other. The publication also proposes that permanent 
magnets disposed between the claw-shaped pole pieces 

30 alternately meshed are magnetized to the same polarity with 
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that of the magnetic pole to which it attaches, thereby 
restraining the leakage flux produced between the magnetic 
pole pieces and thus increasing the output power. 

In order to increase the generated output power, there 
5 is the other approach in which the permanent magnets are 
disposed in parallel with the direction of a magnetomotive 
force produced by the field winding. This approach provides 
an additional flux to the armature and avoids magnetic 
saturation in the magnetic path formed in the inner diameter 

10 of the field winding. Furthermore, in order to increase the 
generated output at the time of low speed rotation, there is 
a technique in which a current flowing through the armature 
winding is phase-controlled by the inverter to permit a torque 
current to become negative. 

15 Comparing the synchronous rotary machine used both as 

the starting motor for the internal combustion engine and as 
the charging generator for the battery with the synchronous 
rotary machine used for the generator only, the following 
problems will arise. Namely, for the purpose of improving 

20 a responsibility as the starting motor for the internal 
combustion engine, it is needed to reduce the number of turn 
of the field winding, i.e. inductance, to make the time cons tant 
small. As the result, when the machine is operated as a 
generator, it frequently happens that the generated output 

2 5 becomes in shortage and the battery becomes to the overcharging 
state especially at the time of low speed rotation. 

As a measure against above problem, it maybe considerable 
that the current flowing through the armature winding is 
phase-controlled by the inverter so as to become. This 

30 technique, however, is not necessarily excellent in generated 
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efficiencies. Further, when the synchronous rotary machine 
is operated as a starting motor, a large current is likely 
to flow through the inverter at the starting stage, thereby 
the switching elements in the inverter are upsized, and are 
5 forced to be equipped with a water cooling system. Likewise, 
the increase in charging and discharging current results in 
shortage in the battery life. 

In case where the synchronous rotary machine having the 
field windings and the permanent magnets is used both as a 

10 generator and as a motor, the property as to the generator 
is improved by a function of the additional magnetic flux from 
the permanent magnets, thereby avoiding the shortage in the 
generated output. 

On the other hand, when the machine is operated as the 

15 starting motor for the internal combustion engine, the maximum 
torque at the starting stage increases, but the induced voltage 
in the armature increases with increasing rotating speed by 
the magnetic flux from the permanent magnets. As the result, 
there is a problem that the motor property at the time of high 

20 speed rotation extremely deteriorates because of restraining 
the armature current . 

SUMMARY OF THE INVENTION 

25 In view of the foregoing, an object of the present 

invention i s to overcome problems mentioned in the conventional 
structures . 

An another object of the present invention is to provide 
a vehicular generator-motor system that is superior to the 
30 conventional approaches in both the generator property and 
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motor property. 

A further object of the present invention is to provide 
a vehicular generator-motor system that enables the inverter 
and other peripheral equipment to be downsized. 
5 A vehicular generator-motor system according to the 

present invention comprises a rotary machine including a stator 
having three phase armature winding and a rotor composed of 
a field winding for magnetizing a plurality of field magnetic 
poles and permanent magnets for magnetizing said field magnetic 

10 poles by interaction with the field winding, an electrical 
power converter which performs as a rectifier when said machine 
is operated as a generator, and performs as an inverter when 
said machine is operated as a motor, and a control means for 
controlling the converter, thereby, when the machine is 

15 operated as a motor, said control means controls the converter 
so as to restrict the armature current at the time of low speed 
rotation . 

BRIEF DESDCRIPTION OF THE DRAWINGS 

20 

The above ob j ects and advantages of the present invention 
will become apparent from the following detailed description 
of the preferred embodiments when read in connection with the 
accompanying drawings, which are given by way of illustration 

25 only, wherein like reference numerals designate like or 
corresponding parts throughout the several views. 

Fig. 1 is a configuration view of a vehicular 
generator-motor system according to a first preferred 
embodiment of the invention. 

30 Fig. 2 is a partial sectional view of a rotor used for 
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the vehicular generator-motor system according to the first 
preferred embodiment of this invention. 

Fig. 3 to Fig. 6 are views showing a property of the 
vehicular generator-motor system according to the first 
5 preferred embodiment of this invention. 

Fig. 7 is a view showing a property of the vehicular 
generator-motor system according to the second preferred 
embodiment of this invention. 

Fig. 8 is a partial sectional view of a rotor used for 
10 the vehicular generator-motor system according to the third 
preferred embodiment of this invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 Embodiment 1 

Fig. 1 to 6 are for explaining vehicular generator-motor 
system according to the first preferred embodiment of the 
invention. In Fig. 1, the generator-motor 1 is a synchronous 
rotary machine composed of three phase armature windings 2, 

2 0 a field winding 3 , and permanent magnets for serving additional 
magnetic flux . The generator-motor lis mounted on the internal 
combustion engine and is operated as a starting motor at the 
starting stage of the internal combustion engine and as a 
charging generator after starting of the engine. The 

25 instruction from the control means not shown is given to a 
converter 4 and a field current control means 5, and by 
controlling the both, the generator-motor 1 is operated as 
the starting motor or the charging generator. The converter 
4 is three phase full wave bridge circuit composed of switching 

30 elements 6u to 6w, 7u to 7w and diodes 8u to 8w, 9u to 9w. 
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The switching elements 6u to 6w, 7u to 7w are controlled 
respectively with PWM (Pulse Width Modulation) by control 
signals from the control means to supply three phase AC current 
to the armature winding 2 of the generator-motor 1 and to operate 
5 the generator-motor 1 as a motor. On the other hand, when the 
generator-motor 1 is operated as a generator, the output of 
the generator-motor 1 is full-wave rectified by the diodes 
8u to 8w, 9u to 9w to charge the battery mounted on the vehicle . 
The field current control means 5 is served a power from the 
10 battery 10 to supply the field current to the field winding 
3. When the generator-motor 1 is operated as a generator, the 
switching elements 11 are turned on and off in response to 
the output voltage to control the field current at the given 
duty ratio. 

15 Consequently, the output of the generator-motor 1 is 

controlled to the targeted value according to the state of 
discharge of the battery 10. When the generator-motor 1 is 
operated as a motor, on the other hand, the control means 
controls the field current to the targeted current value in 

2 0 response to the rotating speed or the armature current, etc. , 
as explained later. 

Fig. 2 shows a schematic constitution of the rotor 12 
of the generator-motor 1. A rotor 12 is composed of a shaft 
13, claw-shaped pole type rotor cores 14, 15 secured on the 

25 shaft 13 and magnetized by the field current flowing through 
the field winding 3, and slip rings 16 for supplying the field 
current to the field winding 3 . Each of the rotor cores 14 , 15 
has a plurality of claw-shaped magnetic pole pieces 14a, 15a 
which are disposed so as to be alternatively meshed and 

30 magnetized so as to be of alternatively different polarity. 
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The permanent magnets 17 are inserted between each of adjacent 
claw-shaped pole pieces 14a and 15a, and are magnetized to 
the same polarity of that of the each claw-shaped pole to which 
it opposes . 

5 In the conventional technique, between each adjacent 

pieces 14a and 15a of the claw- shaped poles , a leakage magnetic 
flux is generated in accordance with an area of the plain which 
the poles face each other and a distance between the poles. 
Thus, a field magnetic flux inter-linked with the armature 

10 winding 2 is reduced by the extent of the leakage magnetic 
flux. However, by disposing the permanent magnet s as mentioned 
above, the leakage flux between each claw-shaped poles is 
effectively restrained and the magnetic flux from the permanent 
magnets 17 is inter-linked with the armature winding 2 together 

15 with the flux from the field winding 3 . This phenomenon occurs 
in all pieces of claw-shaped d poles, the magnetic flux 
inter-linked with the armature winding 2 increases 
signi f icant ly . 

In the case where the vehicular generator-motor 1 is 

20 operated as a motor in this preferred embodiment, the 
generator-motor 1 will be controlled as follows. The 
generator-motor 1 is usually served the field current and the 
armature current required for obtaining the starting torque. 
In this embodiment, however, the armature current required 

25 for obtaining the starting torque can be set to a smaller value 
than the conventional one by the extent of the field magnetic 
flux increased by the permanent magnets. It is because that 
the generated torque in the motor is proportional to the product 
of the armature current and the field current. The converter 

30 4 comprises switching elements 6u to 6w, 7u to 7w and makes 
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up the inverter for serving the armature current to the armature 
of the generator-motor 1. The armature current supplied at 
the starting stage of the internal combustion engine is to 
determine the output capacity of the inverter and each capacity 
5 of switching elements 6u to 6w, 7u to 7w, as well as the cooling 
system thereof. But, as described above, the increase in the 
magnetic flux inter-linked with the armature winding 2 permits 
the system to control so as to reduce the armature current, 
thereby enabling to reduce each capacity of switching elements 

10 6u to 6w, 7u to 7w and simplifying the cooling system therefor, 
(e.g. air-cooling instead of water- coo ling . ) It also reduces 
power loss of the system and the necessity of resetting 
electronic equipment can be eliminated under the circumstance 
in which the battery voltage is abnormally reduced by a large 

15 current flowing. In control devices or audio/visual equipment 
mounted on the 12 V system vehicle, for example, those are 
constituted so as to be reset due to the reduction of the power 
voltage below 6 to 8 V, and in fact, those are reset every 
time the internal combustion engine starts. According to this 

20 preferred embodiment, it is possible to reduce the armature 
current of the generator-motor 1 at the starting stage of the 
internal combustion engine, and the battery voltage is 
restrained from reducing, thereby, resetting of such the 
electronic devices become completely unnecessary or necessary 

25 at extremely low frequency. In the vehicle of 12 volts system, 
for example, if the magnetic field flux is increased by the 
permanent magnets so that the current flowing through the 
armature winding 2 for obtaining the torque required at the 
starting stage is restrained to 300 amperes or below, it is 

30 possible to simplify the cooling system for the converter 4, 



that is, an air cooling system can be used without problem. 
Besides, the converter 4 and its peripheral devices can be 
downsized, and the battery life can be prolonged due to 
reduction in charging or discharging current. 
5 In order to prevent unnecessary fuel consumption and 

exhaust emissions during temporary stop of the car, so called, 
an idle stop mode has been adopted recently. In this driving 
mode, it is needed to instantly restart the internal combustion 
engine based on a starting instruction. According to the first 

10 preferred embodiment, as already explained, it is possible 
to reduce the number of turn of the field winding to make the 
time constant in the field winding 3 small. This means the 
above technique makes possible to shorten a rise time of the 
field current and to instantly restart the internal combustion 

15 engine. 

On the other hand, if the field current is increased 
by the extent of the reduction of the number of turn in the 
winding, the torque is also increased by interaction with the 
additional magnetic flux by the permanent magnets 17, and the 

20 time for restarting can be further shortened. 

Fig. 3 and Fig. 4 show properties of the generator-motor 
1 when it is operated as a motor . In Fig . 3 , the torque produced 
by the generator-motor 1 is reduced as the rotating speed 
increases, as shown in the drawing. 

25 In case where the armature current is restrained by PWM 

control to reduce each capacity of the switching elements 6u 
to 6w, 7u to 7w in the converter 4, the current flowing through 
the armature winding 2 can not be increased over a predetermined 
value at the time of low speed rotation, and the torque to 

30 be produced at the time of low speed rotation is accordingly 
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limited. But, the additional magnetic field flux by the 
permanent magnet can compensate the torque, and the torque 
at the time of low speed rotation can be increased regardless 
of the armature current restraint. 
5 Fig. 4 shows the comparison in the starting 

characteristics where both with the permanent magnets 17 and 
without the permanent magnets 17 . Where there is the additional 
magnetic field flux by the permanent magnets, the output 
increases rapidly with increasing time after power on, because 

10 of capability of setting the time constant of the field winding 
3 small. Thus, the starting time of the internal combustion 
engine can be shortened even if the converter 4 is limited 
in the capacity or the cooling system is simplified. 

In case where the torque of the motor is increased due 

15 to the additional magnetic field flux by the permanent magnets 
17 , induced voltage increases as the rotating speed increases . 
Because, an electromotive force of the armature winding 2 is 
proportional to an amount of magnetic flux and a rotating speed . 
And if the induced voltage exceeds the output voltage of the 

20 converter 4, it becomes impossible to make a current control 
and to maintain the torque required at the time of high speed 
rotation. Consequently, the control means set s a targeted field 
current value in response to the rotating speed, and the field 
current control means 5 controls the field current in response 

25 to the targeted field current value, thereby maintaining the 
torque of the generator-motor 1 at the time of high speed 
rotation . 

Fig. 5 is a graph showing the property of the 
generator-motor 1 when it is operated as a motor, wherein 
3 0 representing the output torque in ordinate and the rotating 
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speed in abscissa when three parameters A, B, and C as the 
field current are given. If the field current control means 
5 controls the field current in response to the rotating speed 
of the generator-motor 1 detected by the control means, it 
5 makes possible to obtain the torque performance in which the 
highest points among the respective parameter curves are 
continuously taken. It means that the internal combustion 
engine becomes possible to restart instantly and easily. 

The system of the embodiment 1 is controlled so that 

10 the field current is increased at the time of low speed rotation 
so as to increase the effect for restraining the armature 
current by interaction with the additional magnetic flux by 
the permanent magnets 17, and is reduced with increasing 
rotating speed so as to be maintained to the targeted value 

15 corresponding to any rotating speed . As the result, the output 
torque of the motor can be set to the maximum torque or in 
the region thereof which corresponds to each rotating speed. 

In case where the generator-motor 1 initiates the 
internal combustion engine, a relatively large current flows 

20 at the starting stage to reduce the terminal voltage of the 
battery 10. With increasing rotating speed, the armature 
current is reduced to greatly increase the terminal voltage 
of the battery 10 and thus the input voltage of the inverter 
is also increased with increasing rotating speed. The control 

25 means includes a control table in which three phase terminal 
voltage is set to control a current or a torque. However, the 
three phase terminal voltage controllable increases with 
increasing rotating speed. Fig. 6 is a graph showing the 
property of the generator-motor 1 wherein plotting the output 

30 torque in ordinate and the rotating speed in abscissa when 
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four parameters Vacl, Vac2 , Vac3, and Vac4 as three phase 
terminal voltage are given. The torque produced by the 
generator-motor 1 varies with three phase voltages as shown 
in solid lines. When the rotating speed of the generator-motor 
5 lis detected by the control means , the converter 4 is controlled 
as an inverter with three phase terminal voltage corresponding 
to the rotating speed. The produced torque relative to the 
rotating speed and three phase terminal voltage can be 
maintained at the maximum level as shown in dotted line and 

10 the motor output of the generator-motor 1 can be effectively 
increased as well. 

Incidentally, by storing in the control table in the 
control means three phase terminal voltage value and the 
targeted field current value corresponding to the rotating 

15 speed, it make possible to more effectively control the 
generator-motor 1 . 

Embodiment 2 

This embodiment relates to the control of the 
20 generator-motor 1 at a time when it is operated as a generator . 
When the generator-motor 1 is operated as a motor, as described 
above in detail, it is possible to reduce the number of turn 
of the field winding to make the time constant in the field 
winding 3 small , and to shorten arise time of the field current . 
25 However, in this case, a generated property as a generator 
will be deteriorated, especially the output characteristics 
at the time of low speed rotation will be lowered, causing 
to a lack of charging frequently. With respect to this problem, 
it has been adopted conventionally that an AC current flowing 
30 through the armature winding is phase-controlled by the 



inverter so as to become negative to compensate the generated 
power. This control technique, however, deteriorates 
inevitably a generated efficiency because the 
phase-controlled current is supplied to armature winding 2. 
5 According to the embodiment 2, it makes possible to 

improve the generated output characteristics without any 
compensation by the armature current because of compensating 
by the permanent magnets, instead. Fig. 7 is a view showing 
a property of the vehicular generator-motor system according 

10 to the embodiment 2. In Fig. 7, curve A shows the output 
characteristics where a time constant of the field winding 
is reduced, curve B shows where the effect of the permanent 
magnets is added to that of curve A, and curve C where the 
phase-controlled current is supplied to the armature. Those 

15 curves show clearly that the addition of the permanent magnets 
17 makes possible to obtain sufficient generated output under 
the circumstance in which the number of turn of the field winding 
3 is reduced and the generator-motor having both excellent 
generating property and motor property. In addition, it also 

20 makes possible to simplify the control of the converter 4 by 
means of limiting the converter 4 to inverter function only 
at the time of motor controlling. 

Embodiment 3 

25 Fig. 8 is a partial sectional view of a rotor used for 

the vehicular generator-motor system according to the 
embodiment 3 of this invention. This embodiment intends to 
protect the permanent magnets inserted between the claw- shaped 
poles from the point of view of a mechanical strength and a 

30 demagnetization. In Fig. 8, the claw-shaped pole pieces 14a, 
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15a extended from the rotor core 14, 15 of the rotor 12 are 
alternatively arranged, and permanent magnets 17 are inserted 
between each of the different claw-shaped pole pieces 14a and 
15a. Each permanent magnet is magnetized to the same polarity 
5 with that of the claw-shaped pole pieces to which it attaches . 
There is provided a bridge element 18 on the outer side of 
the claw-shaped pole pieces 14a, 15a and permanent magnets 
17 to rigidly bind them. The bridge element 18 is made of a 
thin ring magnetic body and is secured on the peripheral portion 

10 of the claw-shaped pole pieces 14a, 15a, or i s integrally formed 
with the claw-shaped pole pieces 14a, 15a by forging and the 
like . The permanent magnets 17 disposed between the claw- shaped 
pole pieces 14a, 15a undergoes a centrifugal force by rotating 
of the rotor 12 and also undergoes a demagnetizing field by 

15 a magnetomotive force from the field winding 3 and the armature 
winding 2 . 

In case where the permanent magnets are made of sinter 
magnet, it is not mechanically rigid material and it likely 
to lower a coercive force at the time of high temperature to 

20 produce the demagnetization due to the demagnetization. The 
above described configuration, however, makes it possible for 
the bridge elements 18 to undergo the centrifugal force exerted 
on the permanent magnets 17 and to shunt the demagnetizing 
field due to the field winding 3 and the armature winding 2, 

25 reducing a demagnetizing power. Therefore, the permanent 
magnets are protected mechanically as well as magnetically. 

Whereas many alterations and modifications of the 
present invention will no doubt become apparent to a person 
of ordinary skill in the art after having read the foregoing 

30 description, it is to be understood that the particular 



embodiment shown and described by way of illustration is in 
no way intended to limit the scope of the claims which in 
themselves recite only those features regarded as essential 
to the invention. 
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